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(57) A sheet-like sealed non-aqueous electrolyte 
cell is described which has a casing nnade of a laminated 
material and which inhibits deterioration in the perform- 
ance of the eel! attributable to a decrease in the degree 



of sealing. This cell is achieved by addition of an inor- 
ganic oxide fine powder which is not an active material 
and is accommodated together with electric energy gen- 
erating elements within the casing made from a laminat- 
ed material composed of a metal foil and a resin film. 
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Description 

BACKGROUND OF THE INVENTION 

5 (1 ) Field of the Invention 

[0001] The present invention relates to non-aqueous electrolyte cells and is particularly concerned with sealed non- 
aqueous electrolyte cells having electric energy generating elements sealed within a casing that is formed from a 
laminated material made from a metal foil and a resin film. 

10 

(2) Description of the Prior Art 

[0002] Heretofore, metal sheets such as stainless steel sheets (SUS) have been used as casing materials for sealed 
cells. However, such a metal sheet has high rigidity and therefore cannot be easily formed into an extremely thin flat 
'5 shape. In addition, the metal sheet has high specific gravity which causes a decrease In energy density per unit weight 
of the cell when used In the fabrication of extremely thin cells. 

[0003] For these reasons, lately developed sheet-like (i.e., extremely thin flat plate type) sealed non-aqueous elec- 
trolyte cells use, as a casing material, a laminated material comprising a metal foil laminated to a resin film. Such a 
laminated material is lightweight and flexible compared to stainless steel sheets etc. , and therefore can be easily formed 

20 into an extremely thin flat shape. The laminated material can be fused by heat, which facilitates the sealing of cells. 
Additionally, it has a structure in which a metal foil layer having low gas permeability and a resin layer having excellent 
chemical stability are laminated together, and the former (i.e., the metal foil) functions to inhibit permeation of moisture, 
oxygen and others while the latter (i.e., the resin layer) functions as a protective layer against oxygen and alkali. With 
this structure, the laminated material, as a whole, excels in gas permeability as well as in chemical stability Accordingly, 

25 the laminated material has been regarded as a useful material for forming a casing for sheet-like cells which accom- 
modate highly reactive electric energy generating elements. 

[0004] Despite the above advantages, there has not been developed yet a sheet-like sealed non-aqueous electrolyte 
ceil which has a casing made from a laminated material and provides satisfactory service life, because the degree of 
sealing in the prior art electric cells decreases with time. 

30 

SUMMARY OF THE INVENTION 

[0OO5] The present invention is directed to overcoming the above-described problem presented by the prior art sealed 
non -aqueous electrolyte cells having a casing made from a laminated material. One of the objects of the invention is 
35 therefore to provide a sheet-like sealed non-aqueous electrolyte cell having a laminated material casing, which cell 
includes a means for preventing a trace amount of water present therein from causing deterioration in the performance 
of the cell. 

[00O6] The above object can be achieved by a sealed non-aqueous electrolyte cell according to the invention having: 
a casing that is made from a laminated material comprising a metal foil and a resin film; and an Inorganic oxide fine 
40 powder that is not an electrode active material and is accommodated within the casing together with electric energy 
generating elements. 

[0007] Generally, sealed non-aqueous electrolyte cells are apt to be damaged by moisture but it is difficult to com- 
pletely exclude moisture from the cells in the fabrication process. Therefore, a finished product often includes water 
which was originally contained, for example, in an organic solvent (a component of the electrolyte) or derived from 

45 moisture on the cell members. Water entrapped in the cell reacts with the electrolyte salt and the active material and 
becomes a direct cause of deterioration in the performance of the cell. Hydrofluoric acid or the like, which is a product 
of the reaction between cell components and water entrapped within the cell, acts on the sealing parts of the casing, 
decreasing adhesive strength and therefore the degree of sealing in the parts. This causes a vicious circle In which 
the decreased degree of sealing allows penetration of moisture and oxygen from the outside of the ceil and the pen- 

50 etrating moisture causes a further decrease in the degree of sealing. Finally, there occurs leakage, resulting in the 
expiration of the cell's life, 

[0OO8] It is understood from the above that the decreased degree of sealing is a cause of shortening the service life 
of the prior art sheet-like sealed non-aqueous electrolyte cells. 

[0009] As opposed to the prior art cell, the present invention having the above-described structure includes an inor- 
55 ganic oxide fine powder which is not an electrode active material and this fine powder adsorbs and inactivates a trace 
amount of water which has been present in the cell since completion of the fabrication or moisture which has penetrated 
into the cell after the fabrication. The fine powder also adsorbs hydrofluoric acid etc. produced by the reaction between 
the water within the cell and the cell components. Additionally, the inorganic oxide fine powder contained in the cell 
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enhances the viscosity of the cell components thereby restricting scatter and evaporation of the cell components and 
the reaction products including hydrofluoric acid. With this arrangement, the extent to which hydrofluoric acid and 
others come In direct contact with the sealing parts of the casing can be reduced, which. In consequence, reduces the 
possibility of degradation in the sealing parts. 

5 [001 0] By virtue of the inorganic oxide fine powder favourably functioning as described above, it is possible to prevent 
a decrease in the performance of the cell directly caused by the reaction between the cell components and water and 
to prevent a decrease in the degree of sealing caused by the reaction products of the electrolyte salt etc. and water 
This leads to an increase in the cycling capability of the cell. In short, the invention has the capability to prevent a 
decrease in the performance of a cell, which decrease is attributable to the reaction between water penetrated into the 

10 cell and the connponents of the cell. 

[0011] The sealing parts defined herein are the parts where the opposed seal edges of the laminated material are 
bonded to each other to seal the cell. Bonding of these edges is usually achieved by thermal fusion but may be achieved 
by an adhesive agent, because the use of an adhesive agent does not spoil the effects of adding the inorganic oxide 
fine powder. 

IS [0012] In the invention, the inorganic oxide fine powder may be contained in an electrolyte (Claim 2). 

[001 3] The electrolyte of a non-aqueous electrolyte cell Is usually composed of an organic solvent and an electrolyte 
salt such as lithium salt, and the organic solvent contains trace amounts of water while the electrolyte salt is highly 
reactive with water. In cases where the electrolyte includes the inorganic. oxide fine powder, the fine powder absorbs 
water contained in the organic solvent so that the hydrolysis reaction between the water in the organic solvent and the 

20 electrolyte salt can be restrained. Even If reaction products are produced to some extent by hydrolysis, the reaction 
products will be adsorbed by the inorganic oxide fine powder. In addition, the inorganic oxide fine, powder contained 
in the electrolyte enhances the viscosity of the electrolyte so that scatter and evaporation of the components of the 
electrolyte and the reaction products can be restrained. Accordingly, when blended with the electrolyte, the inorganic 
oxide fine powder can work effectively to restrain a decrease in the degree of sealing. 

25 [0014] In the invention, the inorganic oxide fine powder may have an average particle diameter of S^im or less (Claim 
3). 

[0015] When the inorganic oxide fine powder has a particle diameter of 5|im or less, the total surface area of the 
fine powder is large enough to provide a strong power for adsorbing water, hydrofluoric acid and others and to favourably 
increase the viscosity of the electrolyte. This arrangement restrains the degree of sealing from decreasing and as a 
30 result, improved cycling capability can be ensured. 

[0016] In the invention, the inorganic oxide fine powder may be contained in amounts of 0.05 to 20% by weight of 
the electrolyte (Claim 4). 

[001 7] When the amount of the inorganic oxide fine powder contained in the electrolyte is 0.05wt% or more, the fine 
powder can satisfactorily adsorb water, hydrofluoric acid and others. Therefore, the degradation of the sealing parts 

3S of the casing can be more effectively restrained which ensures that leakage caused by a decrease in the degree of 
sealing is prevented. If the amount of the inorganic oxide fine powder exceeds 20wt%, the fine powder causes an 
undesirable increase in the viscosity of the electrolyte, which entails a decrease In the discharge capacity of the cell. 
In addition, energy density decreases with the increasing amount of the inorganic oxide fine powder that is not an 
electrode active material. In order to improve the sen/ice life of the cell without impairing its discharge rate characteristic. 

40 the suitable amount of the inorganic oxide fine powder based on the weight of the electrolyte should be in the range 
of from 0.05 to 20wt%. 

[0018] The electrolyte in the invention may be a solid polymer electrolyte (Claim 5). 

[0019] Since solid polymer electrolytes are inferior in ionic conductivity to liquid electrolytes, a preferred shape for 
the cell is a thin flat shape. The reason for this is that, when the cell is formed Into a thin flat shape, the distance between 

45 the anode and cathode can be shortened, facilitating ionic conduction between the anode and cathode. In cases a 
rigid metal sheet such as stainless steel sheets is used as the material of a casing, the difficulty lies in forming such a 
sheet into a thin flat shape. Also, it is difficult to insert the electric energy generating elements into a rigid, extremely 
thin casing and therefore, when assembled into a cell, the electric energy generating elements easily get damaged so 
that a high quality cell is hardly obtained. 

so [0020] As opposed to cells having a metal casing, the present invention utilizes a soft laminated material for forming 
a cell casing, which material can be readily formed into a thin flat shape and the cell casing itself can flexibly be changed 
in shape with great latitude, so that the electric energy generating elements including a solid polymer electrolyte can 
be accommodated within the casing without getting damaged. Accordingly the effect of the invention Is significant 
especially when the invention Is applied to a sheet-like sealed non-aqueous electrolyte ceil comprising a solid polymer 

55 electrolyte. 

[0021] The electrolyte employed in the invention may be a solid polymer electrolyte containing LiPF6 as an electrolyte 

salt (Claim 6). 

[0022] LiPF6 and LiBF4 react with moisture which was originally present in the cell or which has penetrated into the 
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cell, to form a hydrofluoric acid or the like which could be a cause of degradation in the sealing parts of the cell casing. 
Where the inorganic oxide fine powder is added to the electrolyte containing LIPF6 as an electrolyte salt, the inorganic 
oxide fine powder can effectively adsorb the hydrofluoric acid and others. Therefore, the cell containing the inorganic 
oxide fine powder is less likely to undergo a decrease in the degree of sealing, connpared to the prior art cells containing 
no inorganic oxide fine powder In short, when the invention is applied to a sheet-like sealed non-aqueous electrolyte 
cell comprising a solid polymer electrolyte, containing LiPF6 as an electrolyte salt^ it can nnore significantly exert its 
desirable effect. 

[0023] According to the invention, the inorganic oxide fine powder may comprise alumina, magnesia, or a complex 
oxide composed of alumina and magnesia (Claim 7). 

[0024] Alumina, magnesia, and complex oxides composed of alumina and magnesia have high chemical stability to 

the components of the electric energy generating elements such as lithium and have excellent moisture absorbency 
Therefore, use of these materials as the inorganic oxide fine powder makes it possible to more reliably restrain a 
decrease in the degree of sealing in the sealing parts of the casing, 

[0025] Referring to FIGURES 1 to 5, there will be explained a structural configuration of a non-aqueous electrolyte 
cell according to a preferred embodiment of the invention. 

[0026] As shown in FIGURE 2, the non-aqueous electrolyte cell of the invention is designed to have electric energy 
generating elements 6 housed within a casing 1 made from a laminated material. The casing 1 is made from a laminated 
material 20 having a five-layer structure as shown in FIGURE 5 and is heat sealed at first to third sealing parts 2a to 
2c as shown in FIGURE 1 to hermetically seal the cell. It is seen from FIGURE 1 that, at the first sealing part 2a, two 
opposed edges of the casing 1 are heat sealed with the positive and negative collector terminals 7. 8 Interposed 
therebetween, the terminals 7, 8 being respectively attached to an anode 3 and to a cathode 4 and guided outwardly 
from the cell so that electric energy generated in the cell can be taken from the cell. 

[0027] The electric energy generating elements 6 accommodated in the casing 1 are constituted by the anode 3 
having active material layers that contain LiCoOg as a major component and are formed on both surfaces of a positive 
collector; the cathode 4 having active material layers that contain a carbon material as a major component and are 
formed on both surfaces of a negative collector; and a separator 5 positioned between the anode 3 and the cathode 

4. As the separator 5, there may be used a separator, in a narrow sense, having a function of separating the anode 3 
and the cathode 4 from each other Alternatively, an electrolytic film may be used as a separator which is composed 
of an electrolyte carried by a porous body of polyethylene or the like. This embodiment uses an electrolytic film com- 
posed of an electrolyte carried by a porous body and the electrolyte contains an inorganic oxide fine powder 
[0028] The structure of the laminated material 20 will be described in detail. As shown in the sectional view of FIGURE 

5. there is provided a 20jim-thick metal layer la made from aluminium. The metal layer la has, on the outer surface, a 
first polypropylene layer lb (which is to be positioned on the periphery of the cell) having a thickness of 20^m and, on 
the inner surface, a second polypropylene layer Ic (which is to be positioned inside the cell) having a thickness of 60^m. 
The metal layer 1 a and the first polypropylene layer 1 b are bonded to each other with a 5fim-thick dry laminate adhesive 
layer Id, whereas the metal layer la and the second polypropylene layer Ic are bonded to each other with a 5jim-thick 
carboxylic acid-denatured polypropylene layer le in which a carboxyl group is added to polypropylene. 

[0029] The carboxylic acid-denatured polypropylene disclosed herein is made by adding a carboxylic acid to poly- 
propylene by, for example. Graft polymerization or Block polymerization. Addition of a carboxylic acid promotes the 
heat sealing of polypropylene with respect to metal. In this embodiment (shown in FIGURES 1 to 5), carboxylic acid- 
denatured polypropylene is adhered to the peripheries of the collector terminals 7, 8. Specifically, there are formed 
carboxylic acid-denatured polypropylene layers 9 and 10 on the peripheries of the collector terminals 7, 8, which pe- 
ripheries abut on the inner surface of the first sealing part 2a. By use of the collector terminals 7, 8 having such a 
structure, when the first sealing part 2a is subjected to heat sealing, the collector terminals 7, 8 (metal) and the second 
polypropylene layer Ic of the laminated material are strongly bonded to each other through the carboxylic acid-denatured 
polypropylene layers 9, 10, so that perfect bonding can be established at the first sealing part 2a which is most likely 
to lose adhesiveness. When the above structure is employed, the resultant sheet-like sealed non-aqueous electrolyte 
cell is less susceptible to deterioration in the degree of sealing and has high cycling life. 

[0030] The sheet-like sealed non-aqueous electrolyte cell of the above structure according to the invention is fabri- 
cated in the following process. 

(1) The opposed edges of the above-described laminated material of the five layer structure are overlapped (the 
width of the overlapped portion is 20mm) and the overlapped edges (2b in FIGURE 2) are heat sealed using a 
high-frequency induction heater, so as to form the laminated material into a tubular body. 

(2) One opening of the tubular body is closed using the high-frequency induction heater to form a fused portion 
having a width of 10mm (2c in FIGURE 3). Thus, a tubular body having a closed bottom (i.e., bag-shaped cell 
casing) is formed in which the second sealing part 2b and the third sealing part 2c are respectively sealed. 

(3) The electric energy generating elements constituted by the anode 3, cathode 4, separator 5, and electrolyte 
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are introduced into the tubular body having a closed bottom through the opening thereof (i.e., the first sealing part 
2a which has not been lused yet). At that time, the collector terminals 7, 6 attached to the anode 3 and cathode 4 
are guided so as to project from the cell through the opening. It should be noted that the peripheries of the collector 
terminals 7. 8 are provided beforehand with the carboxylic acid-denatured polypropylene layers 9, 1 0 and that the 
5 anode and cathode are inserted into the casing such that the layers 9, 10 are brought into contact with the inner 

face of the first sealing part 2a. 

(4) Subsequently, the opposed edges of the casing material at the first sealing part 2a are heat sealed (the fused 
portion has a width of 10mm) with the collector terminals 7, 8 interposed therebetween, using the high-frequency 
induction heater. 

10 (5) Through the above process, the sheet-like sealed non-aqueous electrolyte cell having the laminate casing is 

constructed according to the invention. This cell has a width of 42mm, length of 100mm and thickness of 1 .7mm, 

[0031] One of the important aspects of the invention resides in the use of the inorganic oxide fine powder contained 
in the cell, which fine powder is not an active material. While the inorganic oxide fine powder is added to the electrolyte 

IS in the above embodiment, the same desired effects can be achieved by the inorganic oxide fine powder added to other 
elements within the celt. More concretely, the fine powder may be present within the electric energy generating elements 
such as the anode, cathode and separator, or within a gap between such electric energy generating elements and the 
casing. It should, however, be noted that the inorganic oxide fine powder is preferably added to the electrodes and 
more preferably to the electrolyte. The reason for this is that the electrodes include highly reactive active materials, 

20 the electrolyte tends to entrap moisture, and the electrolyte salt, which is a component of the electrolyte, is highly 
reactive with moisture. Another reason is that the electrolyte has high mobility compared to other electric energy gen- 
erating elements. 

[0032] Alternatively, the following producing method may be employed in place of the method described earlier A 
strip of the laminated material is looped with the opposed edges overlapped. After the overlapped edges (indicated by 

25 2b in FIGURE 2) are heat sealed, appropriate pressure is applied to the overlapped edges thereby to form a flat tubular 
body. The electric energy generating part, in which the anode and cathode are opposed with the separator interposed 
between, is inserted into the flat tubular body. At that time, the positive and negative collector terminals respectively 
attached to the anode and cathode are allowed to project outward from the tubular body. Then, the opening (2a in 
FIGURE 1 ) through which the positive and negative collector terminals project outward is sealed by heat sealing with 

30 the collector terminals being interposed. Thereafter, the electrolyte is introduced through the other opening (2c) and 
this opening is sealed by heat sealing (see FIGURE 3) thereby fabricating a finished cell. 

[0033] Examples of the inorganic oxide fine powder used in the invention include alumina (aluminium oxide AI2O3), 
silica (silicon dioxide SiOg), zeolite, magnesia (MgO), titania (Ti02) and complex oxides produced by mixing these 
oxides in various combinations. Of these materials, alumina, magnesia and complex oxides composed of alumina and 

35 magnesia are preferred, particularly tor a lithium cell, because they exert high absorbency to moisture and to chemical 
substances. They are particularly useful for the electrolyte containing LiPFg for the following reasons. 
[0034] LiPFg reacts with water originally present in the cell and with water penetrating through the sealing parts, to 
produce a hydrofluoric acid which adversely affects the sealing parts (bonded parts) resulting in a decrease in the 
degree of seating. This causes a vicious circle in which once the degree of sealing decreases, moisture penetrates 

40 into the cell from outside so that the yield of hydrofluoric acid increases causing more corrosion in the sealed parts. If 
alumina, magnesia or a complex oxide composed of alumina and magnesia exists as the inorganic oxide fine powder, 
it absorbs moisture and the hydrofluoric acid that is a hydrolysis product of LiPF6. Therefore, decreases in the per- 
formance of the cell and in the degree of sealing due to the presence of moisture and hydrofluoric acid can be restrained, 
tn addition, since alumina, magnesia and complex oxides composed of alumina and magnesia enhance the viscosity 

45 of the electrolyte and reduce the scatter and vaporization of the electrolyte, there is lesser contact between the sealing 
parts and hydrofluoric acid etc., which consequently restrains the deterioration of the sealing parts. 
[0035] The suitable amount (represented by content) of the inorganic oxide fine powder to be added to the electrolyte 
In the invention ranges from 0.01 to 20wt%. If the content is below 0.01 wt7o, absorbency to the hydrofluoric acid is 
lacking, so that the deterioration of the sealing parts cannot be satisfactorily prevented. On the other hand, if it exceeds 

50 20wt%, the electrolyte has excessive viscosity and the discharge rate characteristic (1 C/0.2C capacity ratio) of the cell 
unfavourably decreases. 

[0036] The average particle diameter of the inorganic oxide fine powder is preferably 20|im or less and more pref- 
erably 5jim or less. By use of the inorganic oxide fine powder having an average particle diameter of 5|j.m or less, 
enough specific surface area can be ensured to absorb hydrofluoric acid etc. to be produced. On the other hand, if it 
55 exceeds 20^im, enough specific surface area cannot be obtained so that hydrofluoric acid etc. cannot be satisfactorily 
absorbed. 

[0037] A lower limit is not particularly specified for the particle diameter of the inorganic oxide fine powder, because 
the specific surface area and therefore absorbency of the powder increase as the powder becomes finer. Therefore, 
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a lower limit for the particle diameter may be determined appropriately taking the pulverization technique etc. into 
account. It suffices to say that the inventors have found that desired results are obtainable with the inorganic oxide 
fine powder having an average particle diameter of 0.005|im. 

[0038] Examples of the solvent constituting the electrolyte include organic solvents such as ethylene carbonate, 
5 vinylene carbonate and propylene carbonate, and solutions prepared by mixing these solvents. Other examples are 
solvents prepared by mixing any of the above solvents and low-boiling point solvents such as dimethyl carbonate, 
diethyl carbonate, 1. 2-dimethoxyethane, 1, 2-diethoxyethane, and ethoxymethoxyethane. 

[0039] Apart from LIPFg which has been noted earlier, examples of the electrolyte salt to be dissolved into these 
solvents include LiBF4, Li{CF3S02)2N, LiCI04 and LiCF3S03. 
10 [0040] As examples of the electrolyte, liquid electrolytes (electrolytic solutions), solid polymer electrolytes and gel 

solid polymer electrolytes are enumerated. In cases where a solid polymer electrolyte or gel solid polymer electrolyte 
is used, the role of a separator may be assigned to the electrolyte and such an electrolyte is the preferred element to 
which inorganic oxide fine powder is added, 

[0041] Although the laminated material has a five-layer structure In the foregoing embodiment, it may have a different 
?5 structure on condition that the structure is composed of two or more layers including at least one metal layer and one 
resin layer adhesive to the metal layer. However, the materials of the metal layer and the resin layer are not particularly 
specified. Examples of the metal foil constituting the laminated material include aluminium, steel, stainless steel and 
copper. Examples of the resin to be subjected to heat sealing include polyethylene, polypropylene, denatured polyeth- 
ylene, denatured polypropylene, and ethylene-propylene copolymers. 
20 [0042] While carboxylic acid-denatured polypropylene Is used to form the layers 9, 1 0 around the collector terminals 
(see FIGURE 4) in the foregoing embodiment, carboxylic acid-denatured polyethylene may be used in place of car- 
boxylic acid-denatured polypropylene. Note that when carboxylic acid-denatured polyethylene is used, It is desirable 
in view of adhesive strength to use polyethylene as the non-denatured resin. 

[0043] Although the foregoing embodiment has been discussed in the concept of the casing 1 having the first to third 
25 sealing parts 2a to 2c. the sealing parts 2b and 2c are not necessarily provided in cases where an integral casing is 
used. In such cases, there must be at least one sealing part (corresponding to the first sealing part 2a) in order to insert 
the electric energy generating elements and let the collector terminals project outwardly from the cell. Since the degree 
of sealing Is most likely to decrease in the first sealing part 2a through which the collector terminals project, the effect 
of the invention can be fully achieved even when it is applied to cells having only one sealing part. 
30 [0044] Additionally although the thickness of the second polypropylene layer Ic of the foregoing embodiment is 60iim, 
the thickness is not limited to such a value but may fall within the range of from 20 to lOO^m. The thickness of the 
metal layer la is not necessarily set at 20|im as specified In the foregoing embodiment but may range from 8 to 50^m. 
[0045] Finally the active material for the anode is not limited to the materials noted above but other materials such 
as LiNiOg, LiMn02 and LiFe02 may be used. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIGURE 1 is a plane view schematically showing the external appearanceof a sealed non-aqueous electrolyte 

cell having a laminate casing. 
40 [0047] FIGURE 2 is a sectional view taken on line A-A of FIGURE 1 . 
[0048] FIGURE 3 is a sectional view taken on line B-B of FIGURE 1 . 
[0049] FIGURE 4 is a sectional view taken on line C-G of FIGURE 1 . 

[0050] FIGURE 5 is a sectional view of a laminated material used for forming the laminate casing. 

[0051] FIGURE 6 is a graph showing the relationship between 1C/0.2C capacity ratio and the alumina content of an 

45 alumina-containing electrolyte comprising a 1 M-L{PF6 EC/DEG(3/7) solution. 

[0052] FIGURE 7 is a graph showing the relationship between 1C/0.2G capacity ratio and the alumina content of a 
solid polymer electrolyte formed by photo polymerization of PEGdAC-1 M-LiPFg'EC/DEC(3/7). 
[0053] FIGURE 8 is a graph showing the relationship between 1C/0.2C capacity ratio and the alumina content of a 
solid polymer electrolyte formed by thermal polymerization of PEGdAC-1M-LiPF6-EC/DEC(3/7). 

so [0054] FIGURE 9 is a graph showing the cycling capabilities of Examples 1 , 2, 3 and Comparative Examples 1 . 2. 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0055] The invention will be concretely described by way of preferred embodiments. The cells prepared in the fol- 
S5 lowing examples differ from one another in terms of the composition of the alumina-containing electrolytic solution, the 
separator and the composition of the electrolyte contained within the electrodes but they have the same basic structure 
as previously described with reference to FIGURES 1 to 5. Therefore, the differences between the cells of the respective 
examples will be mainly explained in the following description. 
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(Example 1) 

[0056] 1 mol (1M) of LiPF6 was dissolved in a solution prepared by mixing ethylene carbonate (EC) and diethyl 
carbonate (DEC) in the ratio of 3:7 to produce an electrolytic solution. Then, alumina (of which moisture content meas- 
5 ured by Karl Fisher's Method was lOOOppm or less) having an average particle diameter of COS^m was added to the 
electrolytic solution thereby preparing an alumina-containing electrolytic solution having an alumina content of 5wt%. 
A sealed non-aqueous electrolyte cell of Example 1 was prepared using the above alumina-containing electrolytic 
solution as an electrolytic solution. 

10 (Example 2) 

[OOSTH A sealed non-aqueous electrolyte cell of Example 2 was prepared in the same process as that of Example 1 
except that LiBF4 was used in place of UPFq. 

IS (Example 3) 

[0058] A sealed non-aqueous electrolyte cell of Example 3 was prepared in the same process as that of Example 1 
except that 1 M of U(CF3S02)2N was used in place of 1 M of LiPFg. 

20 (Example 4) 

[0059] A sealed non-aqueous electrolyte cell of Example 4 was prepared in the same process as that of Example 1 
except that the average particle diameter of the alumina used In Example 4 was O.OOS^m. 

25 (Example 5) 

[0060] A sealed non-aqueous electrolyte cell of Example 5 was prepared in the same process as that of Example 1 
except that the average particle diameter of the alumina used in Example 5 was O.Sjxm. 

30 (Example 6) 

[0061] A sealed non-aqueous electrolyte cell of Example 6 was prepared in the same process as that of Example 1 
except that the average particle diameter of the alumina used in Example 6 was 2^m. 

35 (Example 7) 

[0062] A sealed non-aqueous electrolyte cell of Example 7 was prepared in the same process as that of Example 1 
except that the average particle diameter of the alumina used in Example 7 was 5^m. 

40 (Example 8) 

[0063] A sealed non-aqueous electrolyte cell of Example 8 was prepared in the same process as that of Example 1 
except that the average particle diameter of the alumina used in Example 8 was 10|im. 

[0064] It should be noted that Examples 1, 4 to 8 have the same alumina content, that is, 5wt% but differ from one 
'"^5 another only in the average particle diameter of alumina. 

(Example 9) 

[0065] A sealed non-aqueous electrolyte cell of Example 9 was prepared in the same process as that of Example 1 
50 except that alumina having an average particle diameter of 0.05|im was contained in an amount of 0.01 percent by 
weight of the total amount (i.e., the amount of alumina and electrolytic solution: this basis is applied to the following 
examples) of the alumina-containing electrolytic solution. 

(Example 10) 

55 

[0066] A sealed non-aqueous electrolyte cell of Example 10 was prepared in the same process as that of Example 
1 except that the alumina content of the alumina-containing electrolytic solution used in Example 10 was 0.05wt%. 
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(Example 11) 

[0067] A sealed non-aqueous electrolyte cell of Exannple 11 was prepared in the same process as that of Example 
1 except that the alumina content of the alumina-containing electrolytic solution used in Example 11 was 0.lwt%. 

5 

(Example 12) 

[0068] A sealed non-aqueous electrolyte cell of Exannple 12 was prepared in the same process as that of Example 
1 except that the alumina content of the alumina-containing electrolytic solution used in Example 12 was lwt%. 

10 

(Example 13) 

[0069] A sealed non-aqueous electrolyte cell of Example 1 3 was prepared in the same process as that of Example 
1 except that the alumina content of the alumina-containing electrolytic solution used in Example 13 was 10wt7o. 

15 

(Example 14) 

[0070] A sealed non-aqueous electrolyte cell of Example 14 was prepared in the same process as that of Example 
1 except that the alumina content of the alumina-containing electrolytic solution used in Example 14 was 20wt%. 

20 

(Example 15) 

[0071] A sealed non-aqueous electrolyte cell of Example 15 was prepared in the same process as that of Example 
1 except that the alumina content of the alumina-containing electrolytic solution used in Example 15 was 30wt%. 
25 [0072] It should be noted that Examples 9 to 1 5 have the same average particle diameter of alumina, that is O.QS^m, 
but are different from one another only in alumina content. 

(Example 16) 

30 [0073] An electrolytic solution prepared by dissolving 1 mol of LiPF5 in the EC/DEC (3/7) electrolytic solution was 
mixed with polyethylene glycol diacrylate (molecular weight = about 400: this component is represented by PEGdAC 
in TABLES) in the weight ratio of 4 : 1. Then, 1,000 ppm of 2, 4, 6-trimethyl benzoyl diphenylphosphine oxide was 
added to this mixture as a photo polymerization initiator to prepare a prepolymer composition 1 . 
[0074] 5wt% alumina (average particle diameter - O.OSjam) was added to the prepolymer composition 1 to produce 

35 an alumina-containing prepolymer composition which was then impregnated into a polyethylene porous body similar 
to that used in Example 1 . After the impregnation, the product was placed between glass sheets and exposed to light 
illumination thereby to prepare an alumina-containing solid polymer electrolyte film having a thickness of about 25|im. 
[0075] The alumina-containing solid polymer electrolyte film was used as the separator 5 and the electrolytic solution 
containing Imol of LiPF6 dissolved in the EC/DEC (3/7) solution was introduced in the cell as the electrolytic solution 

40 for the electrodes Thus, a sealed non-aqueous electrolyte cell according to Example 16 was prepared in the same 
process as that of Example 1 except the above procedure. 

(Example 17) 

45 [0076] An electrolytic solution prepared by dissolving 1 mol of LiPFg in the EC/DEC (3/7) solution and polyethylene 
glycol diacrylate were mixed in the weight ratio of 4 ; 1 . Then, 1 .000 ppm of benzoyl peroxide was added to this mixture 
as a thermal polymerization initiator to prepare a prepolymer composition 2. 

[0077] 5wt7o alumina (average particle diameter = O.OSjim) was added to the prepolymer composition 2 to produce 
an alumina-containing prepolymer composition of Example 17 which was used in place of the alumina-containing 

so electrolytic solution of Example 1 in assembling a cell. 

[0078] After assembly the cell was allowed to stand for about three hours such that the alumina-containing prepol- 
ymer composition was fully impregnated into a polyethylene porous body (separator 5). Thereafter, the cell was heated 
to about 80°C to thermally polymerize the polyethylene glycol diacrylate contained in the composition. Thus, a sealed 
non-aqueous electrolyte cell was prepared according to Example 17. which contained a gel solid polymer electrolyte 

55 Including alumina. 
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(Example 18) 

[0079] An alumina-containing prepolymer composition was prepared through the same process as that of Example 
16 except that the IM-LiPFe-EC/DEC (3/7) solution used in Example 16 was replaced with a solution prepared by 
5 dissolving 1 mol of LiBF4 in the EC/DEC (3/7) solution. Then, a sealed non-aqueous electrolyte cell according to 
Example 18 was prepared through the same process as that of Example 1 6 except that the above electrolytic solution 
(1fvl-LiBF4-EC/DEC (3/7) solution) was used as the electrolytic solution for the electrodes. 

(Example 19) 

10 

[0080] An alumina-containing prepolymer composition was prepared through the same process as that of Example 
16 except that the 1 M-LiPFg-EC/DEC (3/7) solution used in Example 16 was replaced with a solution prepared by 
dissolving 1 mol of Li(CF3S02)2N in the EC/DEC (3/7) solution. Then, a sealed non-aqueous electrolyte cell according 
to Example 1 9 was prepared through the same process as that of Example 1 6 except that the above electrolytic solution 
IS (1 M-Lj(CF3S02)2N-EC/DEC (3/7) solution) was used as the electrolytic solution for the electrodes. 

[0081] Note that Examples 1 6 to 1 9 are the same in the average particle diameter of alumina (0.05[im) and in alumina 
content (5wt%) but a different electrolytic solution and a different prepolymer composition were used in each Example. 

(Example 20) 

20 

[0082] Alumina having an average particle diameter of 0.005|im was added to the same composition as the prepol- 
ymer composition 1 of Example 1 6 to prepare an alumina-containing prepolymer composition containing 5wt% alumina. 
Except the use of this alumina-containing prepolymer composition in placeof the composition of Example 16, the same 
process as that of Example 16 was taken to produce a sealed non-aqueous electrolyte cell according to Example 20. 
25 [0083] It should be noted that Examples 16, 20 to 24 have the same alumina content of 5wt%. but are varied only 
in the average particle diameter of alumina. 

(Example 21) 

30 [0084] Except the use of alumina having an average particle diameter of 0.5|j.m, the same process as that of Example 
20 (or Example 16) was taken to produce a sealed non-aqueous electrolyte cell according to Example 21 . 

(Example 22) 

3S [0085] A sealed non-aqueous electrolyte cell according to Example 22 was prepared in the same process as that of 
Example 20 (or Example 16) except that the average particle diameter of the alumina used in Example 22 was 2|im. 

(Example 23) 

40 [0086] A sealed non-aqueous electrolyte cell according to Example 23 was prepared in the same process as that of 
Example 20 (or Example 16) except that the average particle diameter of the alumina used in Example 23 was 5|im. 

(Example 24) 

45 [0087] A sealed non-aqueous electrolyte cell according to Example 24 was prepared in the same process as that of 
Example 20 (or Example 16) except that the average particle diameter of the alumina used in Example 24 was 10^im. 

(Example 25) 

so [0088] Alumina having an average particle diameter of O.OSfim was added to the same composition as the prepolymer 
composition 1 of Example 16 to prepare an alumina-containing prepolymer composition containing alumina in an 
amount of 0.01% by weight of the total amount. Then, a sealed non-aqueous electrolyte cell according to Example 25 
was prepared in the same process as that of Example 1 6 except that the above composition was used instead of the 
alumina-containing prepolymer composition of Example 16. 

55 [0089] It should be noted that Examples 25 to 31 have the same average alumina particle diameter of 0.05 jim but 
are varied only in alumina content. 



9 



EP0 895 296 A1 

(Example 26) 

[0090] A sealed non-aqueous electrolyte cell according to Example 26 was prepared in the same process as that of 
Example 25 (or Example 16) except that the alumina content of the alumina-containing prepolymer composition used 
5 In Example 26 was 0.05wt7o. 

(Example 27) 

[0091] A sealed non-aqueous electrolyte cell according to Example 27 was prepared In the same process as that of 
10 Example 25 (or Example 16) except that the alumina content of the alumina-containing prepolymer composition used 
in Example 27 was 0.lwt%. 

(Example 28) 

75 [0092] A sealed non-aqueous electrolyte cell according to Example 28 was prepared in the same process as that of 
Example 25 (or Example 16) except that the alumina content of the alumina-containing prepolymer composition used 
in Example 28 was lwt%. 

(Example 29) 

20 

[0093] A sealed non-aqueous electrolyte cell according to Example 29 was prepared in the same process as that of 
Example 25 (or Example 16) except that the alumina content of the alumina-containing prepolymer composition used 
in Example 29 was 10wt%. 

25 (Example 30) 

[0094] A sealed non-aqueous electrolyte cell according to Example 30 was prepared in the same process as that of 
Example 25 (or Example 16) except that the alumina content of the alumina-containing prepolymer composition used 
in Example 30 was 20wt%. 

30 

(Example 31) 

[0095] A sealed non-aqueous electrolyte cell according to Example 31 was prepared in the same process as that of 
Example 25 (or Example 16) except that the alumina content of the alumina-containing prepolymer composition used 
35 in Example 31 was 30wt%. 

(Example 32) 

[0096] A sealed non-aqueous electrolyte cell according to Example 32 was prepared in the same process as that of 
40 Example 17 except that when preparing a prepolymer composition, an electrolytic solution prepared by dissolving 1 
mol of LiBF4 in the EC/DEC (3/7) solution was used instead of the 1 M-LIPFg-EC/DEC (3/7) solution which was used 
in the preparation of the prepolymer composition 2 of Example 17. 

(Example 33) 

45 

[0097] A sealed non-aqueous electrolyte cell according to Example 33 was prepared in the same process as that of 
Example 17 except that when preparing a prepolymer composition, an electrolytic solution prepared by dissolving 1 
mol of Li(CF3S02)2N in the EC/DEC (3/7) solution was used instead of the 1 M-LiPFg-EC/DEC (3/7) solution which was 
used in the preparation of the prepolymer composition 2 of Example 17. 
50 [0098] It should be noted that Examples 17, 32, 33 differ from one another only in the kind of electrolyte salt which 
constitutes the electrolytic solution. 

(Example 34) 

55 [0099] Alumina having an average particle diameter ot 0.005^m was added to the same composition as the prepol- 
ymer composition 2 of Example 17 to prepare an alumina-containing prepolymer composition containing alumina in 
an amount of 5% by weight of the total amount. Then, a sealed non-aqueous electrolyte cell according to Example 34 
was prepared in the same process as that of Example 17 except that the above prepolymer composition was used 
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instead of the alumina-containing prepolymer composition of Example 17. 
(Example 35) 

[0100] A sealed non-aqueous electrolyte cell according to Example 35 was prepared in the same process as that of 
Example 34 (or Example 17) except that the alumina used in Example 35 had an average particle diameter of O.S^m. 

(Example 36) 

[0101] A sealed non-aqueous electrolyte cell according to Example 36 was prepared In the same process as that of 
Example 34 (or Example 17) except that the alumina used in Example 36 had an average particle diameter of 2^im. 

(Example 37) 

[0102] A sealed non-aqueous electrolyte cell according to Example 37 was prepared in the same process as that of 
Example 34 (or Example 17) except that the alumina used in Example 37 had an average particle diameter of Syim. 

(Example 38) 

[0103] A sealed non-aqueous electrolyte cell according to Example 38 was prepared in the same process as that of 
Example 34 (or Example 17) except that the alumina used in Example 38 had an average particle diameter of lOjim. 
[0104] Note that Examples 34 to 38 have the same alumina content of 5wt% but differ from one another only In the 
average particle diameter of alumina. 

(Example 39) 

[01 05] Alumina having an average particle diameter of 0.05^m was added to the same composition as the prepolymer 
composition 2 of Example 17 to prepare an alumina-containing prepolymer composition containing alumina in an 
amount of 0.01 7o by weight of the total amount. Then, a sealed non-aqueous electrolyte cell according to Example 39 
was prepared in the same process as that of Example 17 except that the above prepolymer composition was used 
instead of the alumina-containing prepolymer composition of Example 17. 

[0106] Note that Examples 39 to 45 have the same alumina average particle diameter of 0.05)xm but differ from one 
another only in alumina content. 

(Example 40) 

[0107] A sealed non-aqueous electrolyte cell according to Example 40 was prepared in the same process as that of 
Example 39 (or Example 17) except that the alumina-containing prepolymer composition used in Example 40 contained 
0.05wt7o alumina. 

(Example 41 ) 

[0108] A sealed non-aqueous electrolyte cell according to Example 41 was prepared In the same process as that of 
Example 39 (or Example 1 7) except that the alumina-containing prepolymer composition used in Example 41 contained 
0.lwt% alumina. 

(Example 42) 

[0109] A sealed non-aqueous electrolyte cell according to Example 42 was prepared in the same process as that of 
Example 39 (or Example 1 7) except that the alumina-containing prepolymer composition used in Example 42 contained 
lwt% alumina. 

(Example 43) 

[0110] A sealed non-aqueous electrolyte cell according to Example 43 was prepared in the same process as that of 
Example 39 (or Example 1 7) except that the alumina-containing prepolymer composition used in Example 43 contained 
I0wt% alumina. 
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(Example 44) 

[0111] A sealed non-aqueous electrolyte cell according to Example 44 was prepared in the same process as that of 
Example 39 (or Example 17) except that the alumina-containing prepolymer composition used in Example 44 contained 
5 20wt% alumina. 

(Example 45) 

[0112] A sealed non-aqueous electrolyte cell according to Example 45 was prepared in the same process as that of 
10 Example 39 (or Example 17) except that the alumina-containing prepolymer composition used in Example 45 contained 
30wt% alumina. 

(Example 46) 

IS [0113] 1 mol (1M) of LiPFg was dissolved in a solution prepared by mixing ethylene carbonate (EC) and diethyl 
carbonate (DEC) in the ratio of 3:7. to produce an electrolytic solution. Then, alumina having an average particle 
diameter of 0.005|am was added to the electrolytic solution thereby preparing an alumina-containing electrolytic solution 
having an alumina content of 0.05wt%. A sealed non-aqueous electrolyte cell according to Example 46 was prepared 
in the same process as that of Example 1 except that the above alumina-containing electrolytic solution was used as 

20 an electrolytic solution. 

[0114] It should be noted that Examples 46 to 50 differ from Example 1 only in the average particle diameter of 
alumina and in alumina content. 

(Example 47) 

25 

[0115] A sealed non-aqueous electrolyte cell according to Example 47 was prepared in the same process as that of 
Example 46 except that the alumina used In Example 47 had an average particle diameter of 0.5^m. 

(Example 48) 

30 

[0116] A sealed non-aqueous electrolyte cell according to Example 48 was prepared in the same process as that of 
Example 46 except that the alumina used in Example 48 had an average particle diameter of 2^m. 

(Example 49) 

3S 

[0117] A sealed non-aqueous electrolyte cell according to Example 49 was prepared In the same process as that of 
Example 46 except that the alumina used in Example 49 had an average particle diameter of 5|im. 

(Example 50) 

40 

[01 18] A sealed non-aqueous electrolyte cell according to Example 50 was prepared in the same process as that of 
Example 46 except that the alumina used in Example 50 had an average particle diameter of lO^m. 

(Example 51) 

45 

[0119] 1 mol (1M) of LIPFg was dissolved in a solution prepared by mixing ethylene carbonate (EC) and diethyl 
carbonate (DEC) in the ratio of 3:7, to produce an electrolytic solution. Then, alumina having an average particle 
diameter of 0.005|am was added to the electrolytic solution thereby preparing an alumina-containing electrolytic solution 
having an alumina content of 20wt%. A sealed non-aqueous electrolyte cell according to Example 51 was prepared in 
50 the same process as that of Example 1 except that the above alumina-containing electrolytic solution was used as an 
electrolytic solution. 

[0120] It should be noted that Examples 51 to 55 differ from one another only in the average particle diameter of 
alumina. 

55 (Example 52) 

[01 21] A sealed non-aqueous electrolyte cell according to Example 52 was prepared in the same process as that of 
Example 51 except that the alumina used in Example 52 had an average particle diameter of 0.5|im. 
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(Example 53) 

[0122] A sealed non-aqueous electrolyte cell according to Example 53 was prepared in the same process as that of 
Example 51 except that the alumina used in Example 53 had an average particle diameter of 2^m. 

(Example 54) 

[0123] A sealed non-aqueous electrolyte cell according to Example 54 was prepared in the same process as that of 
Example 51 except that the alumina used in Example 54 had an average particle diameter of S^im. 

(Example 55) 

[0124] A sealed non-aqueous electrolyte cell according to Example 55 was prepared in the same process as that of 
Example 51 except that the alumina used in Example 55 had an average particle diameter of 10|im. 

(Example 56) 

[0125] 1 mo! (1M) of LiPFg was dissolved in a solution prepared by mixing ethylene carbonate (EC) and diethyl 
carbonate (DEC) in the ratio of 3:7, to produce an electrolytic solution. Then, alumina having an average particle 
diameter of 5^m was added to the electrolytic solution thereby preparing an alumina-containing electrolytic solution 
having an alumina content of 0.1 wt%. A sealed non-aqueous electrolyte cell according to Example 56 was prepared 
in the same process as that of Example 1 except that the above alumina-containing electrolytic solution was used as 
an electrolytic solution. 

[0126] It should be noted that Examples 56 to 58 differ from one another only in alumina content. 
(Example 57) 

[0127] A sealed non-aqueous electrolyte cell accordlng-to Example 57 was prepared in the same process as that of 
Example 56 except that the alumina-containing electrolytic solution used in Example 57 contained lwt% alumina. 

(Example 58) 

[0128] A sealed non-aqueous electrolyte cell according to Example 58 was prepared in the same process as that of 
Example 56 except that the alumina-containing electrolytic solution used in Example 58 contained 10wt% alumina. 

(Example 59) 

[0129] An electrolytic solution prepared by dissolving 1 moi (1M) of LiPF6 in the EC/DEC solution (3/7) was mixed 
with polyethylene glycol diacrylate in the weight ratio of 1 :4 and this mixture was further mixed with 1 ,000 ppm of 2, 4, 
6-trimethyl benzoyl diphenylphosphine oxide which served as a photo polymerization initiator, whereby a prepolymer 

composition 3 was prepared. 

[01 30] Then, alumina (average particle diameter = 0.005|j.m) was added to the prepolymer composition 3 to produce 
an alumina-containing prepolymer composition having an alumina content of 0.05wt%. This prepolymer composition 
was then impregnated into a polyethylene porous body similar to that used in Example 1, After the impregnation, the 
product was placed between glass sheets and exposed to light illumination thereby to prepare an alumina-containing 
solid polymer electrolyte film having a thickness of about 25yim. 

[0131] This polyethylene porous body impregnated with the alumina-containing solid polymer electrolyte was used 
as the separator 5 and the above electrolytic solution containing 1 mol of LiPFS dissolved in the EC/DEC (3/7) solution 
was introduced in the cell as the electrolytic solution for the electrodes. Except this procedure, the same process as 
that of Example 1 was taken to prepare a sealed non -aqueous electrolyte cell according to Example 59. 
[0132] Note that Example 59 differs from Example 16 only in the composition of the electrolytic solution and in the 
particle diameter and content of alumina. Examples 59 to 63 have the same alumina content of 0.05wt% but are varied 
in the average particle diameter of alumina. 

(Example 60) 

[0133] A sealed non-aqueous electrolyte cell according to Example 60 was prepared in the same process as that of 
Example 59 except that the alumina used in Example 60 had an average particle diameter of O.S^im. 
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(Example 61) 

[01 34] A sealed non-aqueous electrolyte cell according to Example 61 was prepared in the same process as that of 
Example 59 except that the alumina used in Example 61 had an average particle diameter of 2^m. 

5 

(Example 62) 

[01 35] A sealed non-aqueous electrolyte cell according to Example 62 was prepared in the same process as that of 
Example 59 except that the alumina used in Example 62 had an average particle diameter of S^im. 

10 

(Example 63) 

[01 36] A sealed non-aqueous electrolyte cell according to Example 63 was prepared in the same process as that of 
Example 59 except that the alumina used in Example 63 had an average particle diameter of lO^im. 

IS 

(Example 64) 

[0137] Alumina having an average particle diameter of 0.005}im was added to the prepolymer composition 3 of 
Example 59 thereby preparing an alumina-containing prepolymer composition having an alumina content of 20wt%. 
20 Then, a sealed non-aqueous electrolyte cell according to Example 64 was prepared in the same process as that of 
Example 59 except that the above composition was used in place of the alumina-containing prepolymer composition 
of Example 59. 

[01 38] It should be noted that Examples 64 to 68 have the same alumina content of 20wt% but differ from one another 
only in the average particle diameter of alumina. 

25 

(Example 65) 

[01 39] A sealed non-aqueous electrolyte cell according to Example 65 was prepared in the same process as that of 
Example 64 except that the alumina used in Example 65 had an average particle diameter of 0.5^m. 

30 

(Example 66) 

[0140] A sealed non-aqueous electrolyte cell according to Example 66 was prepared in the same process as that of 
Example 64 except that the alumina used in Example 66 had an average particle diameter of 2|im. 

35 

(Example 67) 

[0141] A sealed non-aqueous electrolyte cell according to Example 67 was prepared in the same process as that of 
Example 64 except that the alumina used in Example 67 had an average particle diameter of S^im. 

40 

(Example 68) 

[01 42] A sealed non-aqueous electrolyte cell according to Example 68 was prepared in the same process as that of 
Example 64 except that the alumina used in Example 68 had an average particle diameter of lO^im. 

45 

(Example 69) 

[01 43] Alumina having an average particle diameter of 5^m was added to the prepolymer composition 3 of Example 
59 thereby preparing an alumina-containing prepolymer composition having an alumina content of 0.1vvt%. Then, a 
so sealed non-aqueous electrolyte cell according to Example 69 was prepared in the same process as that of Example 
59 except that the above composition was used in place of the alumina-containing prepolymer composition of Example 
59. 

[0144] It should be noted that Examples 69 to 71 have the same alumina average particle diameter of 5)im but differ 
from one another only in alumina content. 

55 

(Example 70) 

[0145] A sealed non-aqueous electrolyte cell according to Example 70 was prepared in the same process as that of 
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Example 69 except that the alumina content of Example 70 was lwt%. 
(Example 71) 

5 [0146] A sealed non-aqueous electrolyte cell according to Example 71 was prepared in the same process as that of 
Example 69 except that the alumina content of Example 71 was 10wt7o. 

(Example 72) 

JO [0147] Alumina having an average particle diameter of O.OOS^m was added to the prepolymer composition 2 of 
Example 17 thereby preparing an alumina-containing prepolymer composition having an alumina content of 0.05wt%. 
Then, a sealed non-aqueous electrolyte cell according to Example 72 was prepared in the same process as that of 
Example 17 (thermal polymerization was utilized) except that the above prepolymer composition was used in place of 
the alumina-containing prepolymer composition of Example 17. 

'5 [0148] It should be noted that Examples 72 to 76 have the same alumina content of 0.05wt% but differ from one 
another only in the average particle diameter of alumina. 

(Example. 73) 

20 [0149] A sealed non-aqueous electrolyte cell according to Example 73 was prepared In the same process as that of 
Example 72 except that the average particle diameter of the alumina used in Example 73 was CSjim. 

(Example 74) 

25 [0150] A sealed non-aqueous electrolyte cell according to Example 74 was prepared in the same process as that of 
Example 72 except that the average particle diameter of the alumina used in Example 74 was 2fim. 

(Example 75) 

30 [0151] A sealed non-aqueous electrolyte cell according to Example 75 was prepared in the same process as that of 
Example 72 except that the average particle diameter of the alumina used in Example 75 was 5^m. 

(Example 76) 

35 [0152] A sealed non-aqueous electrolyte cell according to Example 76 was prepared in the same process as that of 
Example 72 except that the average particle diameter of the alumina used in Example 76 was lO^im. 

(Example 77) 

40 [0153] Alumina having an average particle diameter of O.OOS^m was added to the prepolymer composition 2 of 
Example 17 thereby preparing an alumina-containing prepolymer composition having an alumina content of 20wt%. 
Then, a sealed non-aqueous electrolyte cell according to Example 77 was prepared in the same process as that of 
Example 17 (thermal polymerization was utilized) except that the above prepolymer composition was used in place of 
the alumina-containing prepolymer composition of Example 17. 

45 [0154] It should be noted that Examples 77 to 81 have the same alumina content of 20wt% but differ from one another 
only in the average particle diameter of alumina. 

(Example 78) 

so [01 55] A sealed non-aqueous electrolyte cell according to Example 78 was prepared in the same process as that of 
Example 77 except that the average particle diameter of the alumina used In Example 78 was 0.5|am. 

(Example 79) 

55 [0156] A sealed non-aqueous electrolyte cell according to Example 79 was prepared in the same process as that of 
Example 77 except that the average particle diameter of the alumina used in Example 79 was 2iim. 
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(Example 80) 

[0157] A sealed non-aqueous electrolyte cell according to Exannple 80 was prepared in the same process as that of 
Example 77 except that the average particle diameter of the alumina used in Example 80 was 5fim. 

5 

(Example 81) 

[0158] A sealed non-aqueous electrolyte cell according to Example 81 was prepared in the same process as that of 
Example 77 except that the average particle diameter of the alumina used in Example 81 was lO^xm. 

10 

(Example 82) 

[01 59] Alumina having an average particle diameter of 5jim was added to the prepolymer composition 2 of Example 
17 thereby preparing an alumina-containing prepolymer composition having an alumina content of 0.lwt%. Then, a 
15 sealed non-aqueous electrolyte cell according to Example 82 was prepared in the same process as that of Example 
17 (thermal polymerization was utilized) except that the above prepolymer composition was used in place ot the alu- 
mina-containing prepolymer composition of Example 17. 

[0160] It should be noted that Examples 82 to 84 have the same alumina average particle diameter of 5|im but differ 
from one another only in alumina content. 

20 

(Example 83) 

[0161] A sealed non-aqueous electrolyte cell according to Example 83 was prepared in the same process as that of 
Example 82 except that the alumina-containing electrolytic solution used in Example 83 contained 1wt% alumina. 

25 

(Example 84) 

[0162] A sealed non-aqueous electrolyte cell according to Example 84 was prepared in the same process as that of 
Example 82 except that the alumina-containing electrolytic solution used in Example 84 contained 10wt% alumina. 

30 

(Example 85) 

[0163] A sealed non-aqueous electrolyte cell according to Example 85 was prepared in the same process as that of 
Example 1 except that alumina was replaced with silica (silicon dioxide) in Example 85. 

35 

(Example 86) 

[0164] A sealed non-aqueous electrolyte cell according to Example 86 was prepared in the same process as that of 
Example 1 except that alumina was replaced with zeolite in Example 86. 

40 

(Comparative Example 1 ) 

[01 65] A sealed non-aqueous electrolyte cell according to Comparative Example 1 was prepared in the same process 
as that of Example 1 except that alumina was not added. 

45 

(Comparative Example 2) 

[01 66] A sealed non-aqueous electrolyte cell according to Comparative Example 2 was prepared in the same process 
as that of Example 2 except that alumina was not added. 

so 

(Comparative Example 3) 

[01 67] A sealed non-aqueous electrolyte cell according to Comparative Example 3 was prepared in the same process 
as that of Example 3 except that alumina was not added. 

55 

(Comparative Example 4) 

[0168] A sealed non-aqueous electrolyte cell according to Comparative Example 4 was prepared in the same process 
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as that of Example 16 except that alumina was not added. 
(Comparative Example 5) 

5 [01 69] A sealed non-aqueous electrolyte cell according to Comparative Example 5 was prepared in the same process 
as that of Example 17 except that alumina was not added. 

[0170] Tests were conducted on the cells prepared according to the above examples and comparative examples to 
check possible leakage and the discharge rate characteristic (1C/0.2C capacity ratio) and cycling capability of each 
cell. The method of each test and test results will be explained below. 

10 

(1) Leakage test 

[0171] 20 cells were prepared for each example. These cells were allowed to stand for 20 days in the atmosphere 
where relative humidity was 90% and temperature was 60°C. After that, the sample cells were visually checked for 
IS possible leakage. The test results are shown together with other conditions in TABLES 1 to 7. 

The relationship between alumina content and leakage 

[0172] No leakage was observed in the cells prepared according to Examples 49, 56, 57, 7 and 58 which had the 
20 same particle diameter of alumina (5|j.m) and alumina contents of 0.05wt%. 0.1 wt%. 1wt%, 5wt% and 10wt%, respec- 
tively. 

[0173] Regarding Examples 9 to 12, 1, and 13 to 15. which had the same average particle diameter of alumina 
(O.OS^m) and alumina contents of 0.01wt%, 0.05wt%, 0.1wt%, 1wt%, 5wt%, 10wt%. 20wt%, and 30wt%, respectively 
leakage occurred (incidence: 3/20) in the cells having an alumina content of 0.01 wt% (Example 9). but no leakage was 
2S admitted in the cells having alumina contents of 0.05wt% or more. 

[0174] Regarding Comparative Example 1 which was identical with the abovecells with the exception that no alumina 
was added, leakage was observed in eight cells out of 20 cells (i.e., incidence: B/20). 

[0175] It is understood from these results that alumina is preferably contained in amounts of 0.05wt% or more. 

30 The relationship between the particle diameter of alumina and leakage 

[01 76] Regarding Examples 46, 1 0, and 47 to 50 which had the same alumina content (0.05wt%) and alumina particle 
diameters of O.OOS^im, O.OS^m. 0.5p.m, 2|im, S^im and 10|im, respectively, leakage occurred (incidence: 8/20) in the 
cells having an alumina particle diameter of 1 0fim (Example 50) but no leakage was admitted In the ceils having alumina 

35 particle diameters of 5|im or less. 

[0177] Regarding Examples 4, 1, and 5 to 8 which had the same alumina content (5wt%) and alumina particle di- 
ameters of 0.005^m, O.OSjim, 0.5|im, 2M.m, 5^m and 10}j,m, respectively, leakage occurred (incidence: 3/20) in the 
cells having an alumina particle diameter of 1 0|im (Example 8), but no leakage was observed in the cells having alumina 
particle diameters of 5|im or less. 

^0 [0178] Regarding Examples 51 to 55 which have the same alumina content (20wt%) and alumina particle diameters 
of 0.005^m, 0.5|im, 2|im, 5^im and 10)am, respectively, no leakage was observed in all the cells. 
[0179] It is understood from the above results that the particle diameter of alumina is preferably 5^m or less, and 
that even if the particle diameter of alumina exceeds 5|am, no leakage occurs on condition that alumina content is 
20wt%. 

45 

Cases where other inorganic oxide fine powders than alumina were added 

[0180] The leakage test was conducted in the same manner as described above on the cells of Examples 85 and 
86 which were identical with Example 1 with the exception that silica (silicon dioxide) or zeolite was added in place of 
50 alumina. 

[0181] As seen from TABLE 6. no leakage was observed in Examples 85 and 86 like Example 1. 

(2) 1C/0.2C cell capacity ratio test 

55 [0182] A cell capacity ratio (1 C/0.2C) test was conducted on the cells constructed according to each example in the 
following manner. 

[0183] Each cell was charged with 400mA (1C) until the voltage of the cell reached 4.1V, and electric charge was 
continued with charging current gradually reduced to 20mA. while voltage being kept at 4. 1 V. Then, the cell was allowed 
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to discharge with a current of 400mA (1 C) until the voltage of the cell reached 2.75V. During this discharge, the discharge 
capacity (1C discharge capacity) of the cell was measured. Subsequently, each cell was charged with 400mA (1C) 
until the voltage of the cell reached 4,1 V and electric charge was continued with charging current gradually reduced 
to 20mA, while voltage being kept at 4.1V. Thereafter, the cell was allowed to discharge with a current of 80mA (0.2C) 
5 until the voltage of the cell reached 2.75V, during which the discharge capacity (0.2C discharge capacity) of the cell 
was measured. Then, the ratio of the 1C discharge capacity to the 0.2C discharge capacity (i.e., the 1C/0.2C capacity 
ratio) was obtained. 

(Test results) 

10 

[0184] The cell capacity ratios (1C/0.2C) of the cells prepared according to Examples 1 and 9 to 15 (1M LiPFg-EC/ 
DEC = 3/7) are shown in relation with their alumina contents in the graph of FIGURE 6. FIGURE 7 demonstrates the 
relationship between the cell capacity ratios (1C/0.2C) and alumina contents of the cells prepared according to Exam- 
ples 1 6 and 25 to 31 (PEG dAC 1 M LiPFg-EC/DEC = 3/7, photo polymerization). FIGURE 8 demonstrates the relation- 
is ship between the cell capacity ratios (1C/0.2C) and alumina contents of the cells prepared according to Examples 17 
and 39 to 45 (PEG dAC 1M LiPFg-EC/DEC = 3/7, thermal polymerization). 

[0185] In all of the cells shown in FIGURES 6 to 8, the cell capacity ratio (1C/0.2C) decreases as the alumina content 
of the alumina-containing electrolytic solution or alumina-containing prepolymer composition increases. The ceil ca- 
pacity ratio decreases to a significant extent especially where alumina content exceeds 20%. It is apparent from this 
20 fact that when taking the 1 C/0.2C cell capacity ratio into account, alumina Is preferably contained in amounts of 20wt% 
or less. 

[0186] In consideration of the results of the cell capacity ratio test together with the results of the leakage test, the 
alumina content (i.e., inorganic oxide fine powder content) of the alumina-containing electrolytic solution or alumina- 
containing prepolymer composition is preferably in the range of from 0.05wt% to 20wt%. 

25 

(3) Charge/discharge cycling test 

[0187] This test was conducted In the following manner to check the relationship between the effects of the addition 
of alumina and the types of electrolyte salts, in relation with the cycling capability of each cell. 

30 [0188] Each cell was charged with 400mA (1C) until the voltage of the cell reached 4.1V, and electric charge was 
continued with charging current gradually reduced to 20mA, while the same voltage being kept. Then, the cell was 
allowed to discharge with a current of 400mA (10) until the voltage of the cell reached 2.75V. Such a charge/discharge 
cycle was repeated at room temperature (= about 25°C), during which the first discharge capacity W1 and the x-th 
discharge capacity Wx were measured. Then, the cell capacity ratio (%) of the cell was obtained from Equation 1. The 

OS results are plotted in FIGURE 9. 

Cell capacity ratio (%) = [Wx/WI] x 100 Equation (1) 

40 [0189] As seen from FIGURE 9, the cycling capabilities of the examples increase in the following order: Example 1 
= Comparative Example 1 > Example 2 = Comparative Example 2 >> Comparative Example 3 = Example 3. When 
this relationship is represented on the basis of the types of electrolytes, it is described by: [LiPFg-EC/DEC = 3/7] > 
[LiBF4-EC/DEC = 3/7) » [Li(CF3S02)2N-EC/DEC = 3/7]. Accordingly, it is understood that the best cycling capability 
can be achieved where LiPFG Is used as an electrolyte salt. 

45 [0190] The above results may be interpreted as follows: A non-aqueous electrolyte cell containing LiPF6 as an elec- 
trolyte salt has high cycling capability and can fully exert its high cycling capability if the inorganic oxide fine powder 
is added to the cell thereby preventing the expiration of its service life due to a decrease in the degree of sealing. 
Accordingly, a long life can be ensured by the application of the invention. 

[0191] As has been described above, the invention proposes addition of an Inorganic oxide fine powder which is not 
50 an electrode active material to a seated non-aqueous electrolyte ceil having a laminate casing and this inorganic oxide 
fine powder adsorbs components or reactive components which cause deterioration in adhesive strength at the sealing 
parts of the cell. Therefore, the cell of the invention can keep appropriate sealing for a long time, compared to the prior 
arts cells containing no inorganic oxide fine powder. Accordingly, it is understood that the invention has the effect of 
significantly improving the service life of a cell. 

55 
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TABLE 1 



IS 



20 



25 



30 



35 





ALUMINA 


ELECTROLYTIC 
SOLUTION OR 
PncrOLYIvltn 
COMPOSITION 


INCIDENCE OF 
LEAKAGE PER 20 




\^\J\\ I CIN 1 Wl /o 


Jim 






EXAMPLE 1 


5 


0.05 


a 


0 


EXAMPLE 2 


5 


0.05 


b 


0 


EXAMPLE 3 


5 


0.05 


c 


0 


EXAMPLE 4 


5 


0.005 


a 


0 


EXAMPLE 5 


5 


0.5 


a 


0 


EXAMPLE 6 


5 


2 


a 


0 


EXAMPLE 7 


5 


5 


a 


0 


EXAMPLE 8 


5 


10. 


a 


3 


EXAMPLE 9 


0.01 


0.05 


a 


3 


EXAMPLE 10 


0.05 


0.05 


a 


0 


EXAMPLE 11 


0.1 


0.05 


a 


0 


EXAMPLE 12 


1 


0.05 


a 


0 


EXAMPLE 13 


10 


0.05 


a 


0 


EXAMPLE 14 


20 


0.05 


a 


0 


EXAMPLE 15 


30 


0.05 


a 


0 


a; 1M LiPF6.EC/DEC=3/7, 
b; 1M LiBF4-EC/DEC=3/7, 
c; 1M Li(CF3S02)2N-EC/DEC=3/7. 


TABLE 2 




ALUMINA 


ELECTROLYTIC 
SOLUTION OR 
PREPOLYMER 
COMPOSITION 


INCIDENCE OF 
LEAKAGE PER 20 
CELLS 




CONTENT wt% 


PARTICLE DIAMETER 

p.m 






EXAMPLE 16 


5 


0.05 


d 


0 


EXAMPLE 17 


5 


0.05 


e 


0 


EXAMPLE 18 


5 


0.05 


f 


0 


EXAMPLE 19 


5 


0.05 


9 


0 


EXAMPLE 20 


5 


0.005 


d 


0 


EXAMPLE 21 


5 


0.5 


d 


0 


EXAMPLE 22 


5 


2 


d 


0 


EXAMPLE 23 


5 


5 


d 


0 


EXAMPLE 24 


5 


10 


d 


3 
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TABLE 2 (continued) 



5 



10 



IS 



20 





ALUMINA 


ELECTROLYTIC 

PREPOLYMER 
COMPOSITION 


INCIDENCE OF 
CELLS 


CONTENT wt% 


PARTICLE DIAMETER 
\xm 


CAMIVIrLC 


0.01 


0.05 


Q 


o 
O 


CAMIVIrLt do 


0.05 


0.05 


a 


f\ 

u 


EXAMPLE 27 


0.1 


0.05 


d 


0 


EXAMPLE 28 


1 


0.05 


d 


0 


EXAMPLE 29 


10 


0.05 


d 


0 


EXAMPLE 30 


20 


0.05 


d 


0 


EXAMPLE 31 


30 


0.05 


d 


0 


d; PEG dAC-IM LiPF6-EC/DEC=:3/7(PHOTO), 
e; PEG dAC-1 M Li PFg-EC/D £0=3/7 (THERMAL), 
f: PEG dAC-IM LiBF4.EC/DEC=3/7 (PHOTO), 
g; 1MLi(CF3S02)2N-EC/DEC=3/7. 



25 

TABLE 3 



30 




ALUMINA 


ELECTROLYTIC 
SOLUTION OR 
PREPOLYMER 
COMPOSITION 


INCIDENCE OF 
LEAKAGE PER 20 
CELLS 






CONTENT w% 


PARTICLE DIAMETER 
pirn 








EXAMPLE 32 


5 


0.05 


h 


0 


35 


EXAMPLE 33 


5 


0.05 


i 


0 




EXAMPLE 34 


5 


0.005 


e 


0 




EXAMPLE 35 


5 


0.5 


e 


0 


40 


EXAMPLE 36 


5 


2 


e 


0 




EXAMPLE 37 


5 


5 


e 


0 




EXAMPLE 38 


5 


10 


e 


1 


45 


EXAMPLE 39 


0.01 


0.05 


e 


2 


EXAMPLE 40 


0.05 


0.05 


e 


■ 0 




EXAMPLE 41 


0.1 


0.05 


e 


0 




EXAMPLE 42 


1 


0.05 


e 


0 


50 


EXAMPLE 43 


10 


0.05 


e 


0 




EXAMPLE 44 


20 


0.05 


e 


0 




EXAMPLE 45 


30 


0.05 


e 


0 




EXAMPLE 46 


0.05 


0.005 


a 


0 


55 


EXAMPLE 47 


0.05 


0.5 


a 


0 




EXAMPLE 48 


0.05 


2 


a 


0 
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TABLE 3 (continued) 



5 




ALUMINA 


ELECTROLYTIC 

PREPOLYMER 
COMPOSITION 


INCIDENCE OF 
1 FAKAf^F PFR 90 

CELLS 






CONTENT w% 


PARTICLE DIAMETER 
jam 






10 


EXAMPLE 49 


0.05 


5 


a 


0 


EXAMPLE 50 


0.05 


10 


a 


8 


15 


a; 1M LiPF6-EC/DEC=3/7, 

e; PEG dAC-l M LiPFg-EC/DEC=3/7 (THERMAL), 

h; 1 M LiBF4-EC/DEC=3/7. 

i; 1M Li(CF3S02)2N-EC/DEC=3/7, 



TABLE 4 



20 




ALUMINA 


ELECTROLYTIC 

PREPOLYMER 
COMPOSITION 


INCIDENCE OF 
1 PAWAr^pr DCS on 

CELLS 


25 




CONTENT wt% 


PARTICLE DIAMETER 
^im 








EXAMPLE 51 


20 


0.005 


a 


0 




EXAMPLE 52 


20 


0.5 


a 


0 


30 


EXAMPLE 53 


20 


2 


a 


0 




EXAMPLE 54 


20 


5 


a 


0 




EXAMPLE 55 


20 


10 


a 


0 




EXAMPLE 56 


0.1 


5 


a 


0 


35 


EXAMPLE 57 


1 


5 


a 


0 




EXAMPLE 58 


10 


5 


a 


0 




EXAMPLE 59 


0.05 


0.005 


d 


0 


40 


EXAMPLE 60 


0.05 


0.5 


d 


0 




EXAMPLE 61 


0.05 


2 


d 


0 




EXAMPLE 62 


0.05 


5 


d 


0 


45 


EXAMPLE 63 


0.05 


10 


d 


4 


EXAMPLE 64 


20 


0.005 


d 


0 




EXAMPLE 65 


20 


0.5 


d 


0 




EXAMPLE 66 


20 


2 


d 


0 


SO 


EXAMPLE 67 


20 


5 


d 


0 




EXAMPLE 68 | 


20 


10 


d 


0 




a; lMLiPF6-EC/DEC=3/7, 

d; PEG dAC-1M LiPFg-EC/DEC=3/7(PHOTO). 



55 
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TABLE 5 



£ 



75 



20 



25 



30 





ALUMINA 


ELECTROLYTIC 
SOLUTION OR 
PREPOLYMER 
COMPOSITION 


INCIDENCE OF 
LEAKAGE PER 20 
CELLS 


v^WIN 1 CIN 1 Wl /o 


PARTini P niAMPTFR 


EXAMPLE 69 


0.1 


5 


d 


0 


EXAMPLE 70 


1 


5 


d 


0 


EXAMPLE 71 


10 


5 


d 


0 


EXAMPLE 72 


0.05 


0.005 


e 


0 


EXAMPLE 73 


0.05 


0.5 


e 


0 


EXAMPLE 74 


0.05 


2 


e 


0 


EXAMPLE 75 


0.05 


5 


e 


0 


EXAMPLE 76 


0.05 


10 


e 


2 


EXAMPLE 77 


20 


0.005 


e 


0 


EXAMPLE 78 


20 


0.5 


e 


0 


EXAMPLE 79 


20 


2 


e 


0 


EXAMPLE 80 


20 


5 


e 


0 


EXAMPLE 81 


20 


10 


e 


0 


EXAMPLE 82 


0.1 


5 


e 


0 


EXAMPLE 83 


1 


5 


e 


0 


EXAMPLE 84 


10 


5 


e 


0 


d; PEG dAC-IM LiPF6-EC/DEC=3/7(PHOTO), 
e; PEG dAC-IM LiPF6-EC/DEC=3/7 (THERMAL), 



35 



TABLE 6 



40 




INORGANIC OXIDE FINE POWDER 


ELECTROLYTIC 
SOLUTION 


INCIDENCE OF 
LEAKAGE PER 20 
CELLS 






TYPE 


CONTENT wt% 


PARTICLE 
DIAMETER |im 






45 


EXAMPLE 85 


SILICA 


5 . 


0.05 


a 


0 


EXAMPLE 86 


ZEOLITE 


5 


0.05 


a 


0 



so 
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TABLE 7 





ALUMINA 


SOLUTION OR 
PRE POLYMER 
COMPOSITION 


LEAKAGE PER 20 
CELLS 


CONTENT wt% 


PARTICLE 
DIAMETER ^im 


COMPARATIVE 
EXAMPLE 1 


0 




a 


8 


COMPARATIVE 

EXAMPLE 2 


0 




b 


5 


COMPARATIVE 

EXAMPLE 3 


0 




c 


4 


COMPARATIVE 

EXAMPLE 4 


0 




d 


8 


COMPARATIVE 

EXAMPLE 5 


0 




e 


7 



Claims 

1. A sealed non-aqueous electrolyte cell comprising: 

a casing that is made from a laminated material comprising a metal foil and a resin film; and 

an inorganic oxide fine powder that is not an electrode active material and is accommodated within the casing 

together with electric energy generating elements. 

2. A sealed non-aqueous electrolyte cell according to claim 1 , wherein said inorganic oxide fine powder is contained 
in an electrolyte. 

3. A sealed non-aqueous electrolyte cell according to claim 1 or 2. wherein said inorganic oxide fine powder has an 
average particle diameter of 5)im or less. 

4. A sealed non-aqueous electrolyte cell according to claim 1,2 or 3 wherein said inorganic oxide fine powder is 
contained in amounts of 0.05 to 20% by weight of the electrolyte. 

5. A sealed non-aqueous electrolyte cell according to any preceding claim, wherein said electrolyte is a solid polymer 
electrolyte. 

6. A sealed non-aqueous electrolyte cell according to any preceding claim, wherein said electrolyte contains LiPF6 
as an electrolyte salt. 

7. A sealed non-aqueous electrolyte cell according to any preceding claim, wherein said inorganic oxide fine powder 
comprises alumina, magnesia, or a complex oxide composed of alumina and magnesia. 
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FIG.3 



FIG.4 



FIG.5 
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FIG. 6 



in 

CO 




(%)OllVa AlOVdVD 32*0/3 L 



EP 0 895 296 A1 



FIG. 7 
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FIG. 8 
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